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Have you ever shown a patient a spike-wave on their EEG? It produces a worried look, even as you hastily explain that it is not a seizure. The further explanation that it is "not long enough" to be a seizure seems dubious to laypersons: such an obvious disruption of normal brain waves must do something! It turns out that this concern is valid, but exactly what spikes do and what the consequences are for function depends upon several factors dependent upon the characteristics of the interictal epileptic activity (IEA) itself as well as patient-related factors.
Are interictal spikes benign, or do they affect brain function? This is an old question but the answer is complicated. It has obvious importance for the safety of everyday activities, especially driving. Nirkko et al. have taken a fresh look at the issue with a sophisticated analysis including a realistic driving simulator and including patients with focal as well as generalized IEA. They measured reaction times (RT) carefully and compared results on a simple task (pushing a button in response to a flash) to a complex task (avoiding a sudden road obstacle on the visual driving test). They also correlated RTs with likelihood of "crashes, " and they explored the relationship of virtual car accidents to IEA characteristics other than duration.
To place the findings of Nirkko et al. in perspective, it is helpful to review some history. As early as 1939, Schwab (1) demonstrated that spike-wave discharges impaired the ability to press a rubber bulb on cue. However, because the light cue was hand triggered, the effect of IEAs under 2 seconds was hard to measure. Goode et al. (2) in 1970 used a continuous manual-visual tracking paradigm to measure performance errors during spike-wave discharges in ten children with absence seizures. Generalized spike-wave bursts over 3 seconds long consistently impaired performance. This may be the origin of the "3-second rule, " which some neurologists use to decide whether a patient with absence can drive. However, a careful look at their data tables reveals that bursts between 0.6 and 3 seconds increased errors, though not enough to be statistically significant in any one patient. In a follow-up study, Porter and Penry (3) made the disturbing discovery that RTs were lengthened in about half of trials even at the very onset of a spike-wave discharge, and there was a gradual worsening as the bursts continued. To further complicate matters, Mirsky and Van Buren (4) had shown that sometimes reaction time decreases just before the IEA and may improve before the end of the IEA: a so-called "trough of consciousness. " These sorts of results demonstrate that there is not an exact coterminous relationship between generalized spike-wave IEAs and "consciousness. " This is not surprising; IEDs are an electrical Generalized IEA with spike/ waves (s/w) had the largest effect on RT prolongation (p < 0.001, both tests), whereas mean RT during normal EEG, age, gender, and number of AEDs had no effect. The car test was better than the flash test in detecting RT prolongations (p = 0.030). IEA increased crashes/lapses >26% in sessions with generalized IEA with s/w. The frequency of IEA-associated RT >1 s exceeded predictions (p < 0.001) based on simple RT shift, suggesting functional impairment beyond progressive RT prolongation by IEA. The number of AEDs correlated with prolonged RTs during normal EEG (p < 0.021) but not with IEA-associated RT prolongation or crashes/lapses. SIGNIFICANCE: IEA prolonged RTs to varying extents, dependent on IEA type. IEA-associated RTs >1 s were more frequent than predicted, suggesting beginning cerebral decompensation of visual stimulus processing. AEDs somewhat reduced psychomotor speed, but it was mainly the IEA that contributed to an excess of virtual accidents.
Real Spikes Crash Virtual Cars
epiphenomenon derived from near the cortical surface, and consciousness is a multifaceted phenomenon with a distributed brain substrate involving subcortical and cortical structures.
Driving is a complex activity, and these early studies mostly measured simple response tasks. It is now apparent that the potential for impairment of function worsens with task complexity. Kasteleijn-Nost Trenité et al. (5) in 1987 actually monitored drivers on a highway with EEG and a brave passenger observer and noted slight but definite deviations of direction during spike-wave discharges as short as 0.5 seconds, though there were no accidents.
Several features of the Nirkko et al. study further extend this debate. They used a realistic driving simulator and documented virtual accidents (e.g., hitting objects that appeared suddenly in the "road"). As a control, they compared these results with those from a more traditional flash cue/ button-press response paradigm and found that the driving test was a more sensitive measure of prolonged RT. They also accounted for possible effects of antiepileptic drugs, which reassuringly only slightly prolonged psychomotor speed. They defined several time points: IEAs as a whole prolonged RT an average of only 200 milliseconds. However, a significant percentage of subjects failed to react on the driving test for over 1 second, the time limit for avoiding a "crash, " and this correlated with longer IEAs. The average duration of IEAs resulting in "crashes" was 2800 milliseconds; the average duration of IEAs not resulting in "crashes" was 1800 milliseconds. It has been assumed that inaccurate responses to stimuli during IEAs are a result of prolonged RT. However, it is not that simple. Crash likelihood was not a linear function of RT. There were far more crashes than simple extrapolation of RT results would have predicted, suggesting that an initial slight slowing of cognitive function with the onset of IEA can be compensated for, but past a certain point, there is an abrupt inability to perform a task: a phenomenon the authors call a "cognitive gap. " There was also considerable interindividual variability, so the time of this gap after IEA onset is not universal.
Nirkko et al. confirmed previous observations that the nature of the IEA matters: well-formed, frontocentrally predominant, spike-waves were most likely to cause virtual crashes, atypical (slow) spike-wave discharges were less likely to cause crashes, and focal IEAs were much less likely. This is not to say that focal spikes are benign, of course; they impair cognitive development in young animals and have other deleterious effects (6) .
Should these findings change our clinical practice? Probably not at this time; the finding of virtual crashes at an average of 2.8 seconds of generalized spike-wave discharges is remarkably close to the old 3-second rule of thumb. The results of the study by Nirkko et al. prove that this is indeed a crude approach, but perhaps not too far off the mark. However, because of individual variability, this may be too long to be safe for some patients, and longer bursts may be safe for others. The degree of variability is disturbing and suggests that improved computer simulation programs may lead to more accurate assessment of driving risk. Of course, epilepsy should not be singled out: this approach is applicable to many populations at risk of impaired driving ability. Until realistic driving simulators become convenient, it has been suggested that patients reporting that they are free of absence seizures should have a 6-hour EEG (7) . My practice is to record 24-48 hours.
The 46 participants in this study were not representative of all persons with epilepsy: all had demonstrated interictal epileptiform discharges (IEDs) on previous EEGs, and only 5 had classic typical generalized spike-wave IEA. Further studies to characterize the morphology of IEDs likely to predict unsafe driving are warranted, as well as to elucidate the complex relationship between IEDs, reaction time, and complicated brain tasks. Consciousness for practical purposes is best defined operationally. This study is an example of how to approach a real-life question: whether epileptic activities-ictal or interictal-are likely to impair a specific activity.
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